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Our daily lives are fraught with various stressors and we often
need to interact with others while under the influence of
stress — both at the workplace and in our private lives.
Various cognitive processes — such as strategic reasoning,
feedback processing, and reward sensitivity are affected by
stressful situations (e.g., Starcke and Brand, 2012), and this
presumably also affects social cognition and behaviour. Self-
other distinction — the ability to distinguish self- from other-
related mental representations — is a particularly important
socio-cognitive skill, in a variety of domains. In the percep-
tion-action domain, self-other distinction is required to con-
trol automatic imitative tendencies, to enable smooth and
flexibly regulated cooperative interactions (Wang and Hamil-
ton, 2012). In the domain of empathy, failing to maintain the
boundaries between one’s own and another’s emotions can
result in personal distress. This self-centred response pre-
vents other-oriented empathic responding and negatively
affects prosocial behaviours (Batson, 1987; Eisenberg
et al., 1989; Singer and Lamm, 2009). Self-other distinction
is also crucial in more high-level cognitive processes such as
perspective taking — as perceiving the world in another’s
stead requires to be able to disentangle one’s own views and
intentions from those of the other (Epley et al., 2004).

Surprisingly little, though, is known about how stress
affects self-other distinction and our ability to understand
others. Stress is an essential psychobiological mechanism in
which additional resources are recruited by the human organ-
ism to react to demanding circumstances (Dickerson and
Kemeny, 2004). From this observation, different predictions
on how stress might affect self-other distinction can be
made. For one, as stress is known to result in a fallback on
processes and behaviours that are less resource demanding
(Starcke and Brand, 2012), stressed individuals may default
to more self-related or ““egocentric” processes, which is less
resource demanding than also taking into account the mental
states of others (e.g., Epley et al., 2004). In this case, self-
other distinction would be decreased under stress. On the
other hand, concepts such as the ‘tend-and-befriend”
hypothesis posit that stress leads to increases in prosocial
and affiliative behaviour (Taylor et al., 2000). Stress might
therefore motivate us to act in a more other-oriented man-
ner, using social support as a stress coping strategy. Such a
strategy would predict improvements in self-other distinc-
tion, as this would facilitate understanding of others and
increase accurate social responding and behaviour.

While there is no specific experimental evidence on how
stress modulates self-other distinction, prior evidence on the
effects of stress on social cognition and emotion has been
rather inconsistent. For instance, social cognitive abilities
have been shown to either improve or decrease under stress,
and that this depends on an individual’s magnitude of their
cortisol response. Notably, these effects were also modu-
lated by gender (Smeets et al., 2009). From attention
research, though, there is evidence that perceptual self-
other distinction is reduced under threat (Ma and Han,
2010). In contrast, the tend-and-befriend hypothesis sug-
gests that prosocial and affiliative behaviour increases in
stressful situations (Taylor et al., 2000). Originally only sta-
ted for women, a more recent finding by our group indicates
that men also show stress responses that can be interpreted
in line with a tend-and-befriend pattern (von Dawans et al.,
2012). In the domain of social emotion research, experimen-

tal evidence is very scarce — with only one recent study
showing that higher anxiety is associated with reduced
empathic abilities (Negd et al., 2011).

To close that gap of knowledge, we therefore used a
standardized laboratory stressor task to assess how acutely
induced psychosocial stress affects self-other distinction
(Trier Social Stress Test for Groups (TSST-G); von Dawans
et al., 2011). Self-other distinction was investigated using
tailored experimental tasks tapping into this ability on three
different levels. These levels ranged from low-level percep-
tual-motor processes as the control of imitative response
tendencies, to higher-level cognitive perspective taking. To
tap into self-other distinction in the affective domain, we
used a task recently developed by our group which enabled us
to measure overcoming emotional egocentricity bias during
empathic judgments. The choice of these tasks built up on
recent developments in social cognitive neuroscience, pin-
pointing a common mechanism subserved by neural networks
at the interface of the right inferior parietal and posterior
superior temporal cortex enabling self-other discrimination
in these different domains (e.g., Decety and Lamm, 2007;
Santiesteban et al., 2012; Silani et al., 2013). Because of
previously documented gender differences in response to
social stressors (Smeets et al., 2009; Seidel et al., 2013),
we explored the effects of stress on self-other distinctionin a
male and a female subsample, which had been matched for
socio-cognitive skills. Based on prior research showing that
higher anxiety is associated with reduced empathic abilities
(Negd et al., 2011), we hypothesized that stress would lead
to decreased self-other distinction in participants.

Furthermore, based on a lack of direct comparisons of
genders in previous research in the same task paradigm
(including in our own work; (von Dawans et al., 2012)), we
aimed to explore whether men and women would show
differences in the effects of stress on self-other distinction.

1. Methods
1.1. Participants

80 healthy participants (40 females) between 18 and 40 years
wereincludedin the study. Screening questionnaires were used
to exclude participants who reported acute or chronic psychia-
tricillness, high social anxiety, taking prescription medication,
abuse psychoactive drugs or alcohol, or smoked on a daily basis.
Socio-cognitive abilities were determined, using the perspec-
tive taking scale and the empathic concern scale from the
Interpersonal Reactivity Index (IRl; Davis, 1983), the Emotion
Contagion Scale (EC; Doherty, 1997), and the Reading the Mind
in the Eyes Test (RMET; Baron-Cohen et al., 2001). In order to
assure similar basic socio-cognitive abilities in the sample,
participants who showed scores above or below two standard
deviations from the group mean in any of those assessments
were excludedfromparticipation. We chose the strict exclusion
criterion of two standard deviations, in order to guarantee that
participant’ socio-cognitive abilities were closely matched.
The Trier Inventory for the Assessment of Chronic Stress (TICS;
Schulz and Schlotz, 1999) was used to control for individual
differences in chronic stress as a possible confound. Female
participants were not using hormonal contraceptives and par-
ticipated in the experiment during their luteal phase of the
menstrual cycle, as it has been shown that cortisol responses
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during this phase are most comparable to those of men (Kirsch-
baum et al., 1999). Menstrual cycle phase was determined by
self-reports of usual menstrual cycle duration and onset of last
menstrual period. The study was approved by the ethics com-
mission of the University of Vienna and subjects were treated
according to the Declaration of Helsinki (1964) regarding the
treatment of human research participants. Written informed
consent was obtained. All participants received 20 € for parti-
cipation in the experiment.

1.2. Self-other distinction paradigms

Three well-established paradigms were implemented in
order to assess self-other distinction on the perceptual-
motor, the affective, and the cognitive level. Crucially, all
tasks required online control of co-activated self and other
representations.

1.2.1. Imitation-inhibition task

This paradigm enables assessment of self-other distinction on
a basic perceptual-motor level. It requires participants to lift
their index or middle finger in response to a visually pre-
sented cue, which coincides with congruent or incongruent
finger movements of a hand of another person shown on the
screen (Brass et al., 2005). Perceiving these movements
activates automatic imitation tendencies (Brass et al.,
2005, 2009), which in the case of incongruent movements
interfere with the instructed movement execution and there-
fore need to be inhibited. Thus, participants had to maintain
the focus on their own movement intentions, and to inhibit
the tendency to imitate the incongruent movement of the
other hand. As established by previous investigations (Brass
et al., 2009), self-other distinction was assessed by means of
the interference effect, which was computed by subtraction
of response times and error rates, respectively, of congruent
from incongruent trials. Higher interference indicated
reduced self-other distinction.

1.2.2. Emotional egocentricity task

This task enables assessment of self-other distinction in the
emotional domain by measuring emotional egocentricity bias
(Silani et al., 2013). This is achieved by simultaneous visuo-
tactile stimulation of the participant’s and another person’s
hand, with stimulation resulting in either pleasant or unplea-
sant emotions. Crucially, the valence of stimulation between
participant and other person was either congruent or incon-
gruent, and participants were required to empathize with
the feelings of the other person. Previous research (Silani
et al., 2013) has shown that empathic judgments are shifted
(i.e. egocentrically biased) towards the participant’s own

emotional state under incongruent conditions. This emo-
tional egocentricity bias therefore served as a measure of
emotional self-other distinction, and was computed by sub-
tracting ratings in incongruent trials from those in congruent
trials. A higher bias indicated higher egocentricity, and
therefore reduced self-other distinction.

1.2.3. Perspective-taking task

Self-other distinction in the cognitive domain was investi-
gated by using a perspective taking paradigm (Keysar et al.,
2000; Santiesteban et al., 2012). Participants had to move
objects on a shelf according to the instructions of a “direc-
tor”. In experimental trials, the task required participants to
disentangle their own visual perspective from the one of the
director, as there were differences in the objects he could
see in comparison to what participants saw from their own
perspective. Self-other distinction was assessed by the num-
ber of errors and response times in experimental trials.
Slower responses and more errors indicated reduced self-
other distinction. The paradigm also included control trials
which did not require disentangling the different perspec-
tives. These trials were used to ensure that the results for the
self-other distinction paradigms could not be explained by
general effects of stress on cognitive load or other “non-
social” processes.

1.3. Procedure

24 h prior to the experiment, participants were instructed to
abstain from drinking alcohol, smoking, and taking medica-
tion. On the day of the experiment, participants were told to
abstain from consuming caffeine. Experimental sessions took
place between 14 h and 18 h in order to control for diurnal
cortisol variation. Participants were not allowed to commu-
nicate with each other during the experiment. Psychosocial
stress was induced by the group version of the Trier Social
Stress Task (TSST; von Dawans et al., 2011) which includes
public speaking (vs. group reading in the control condition)
and mental arithmetic (vs. easy counting in the control
condition) as stress inducing elements. In the remainder of
this text, the term “‘stress” is used synonymous with psy-
chosocial stress (as this is what our design induced), unless
noted otherwise. Participants were assigned randomly to the
stress or to the control condition. Following a preparation
phase, in which baseline cortisol was measured and subjects
had received instructions for the self-other distinction tasks,
participants were provided with instructions for the TSST-G
stress or control task and had 10 min to prepare for the public
speaking/group reading. Fig. 1 shows the timeline for the
experimental procedures. The order of the self-other

Instruction Public Speaking (Stress) or Imitation- Mental Arithmetic Emotional Perspective- | Debriefing
Group Reading (Control) Inhibition (Stress) or Egocentricity Taking Task
Task Easy Counting Task
(Control)
) y T y T T >
-40 0 12 21 30 35 40 80
Time (min)

Figure 1

Timeline of experimental procedures. Time point zero indicates onset of TSST-G or TSST-G control.
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distinction paradigms was fixed across participants, as we
expected carry-over effects from the individual self-other
distinction tasks. We chose this order based on the rationale
that a lower level task (i.e., imitation-inhibition task) might
interfere less with a higher level task (i.e., perspective-
taking task) than vice versa, due to the stronger engagement
of meta-cognitive processes in the latter. After the experi-
ment, participants stayed in the laboratory until the last
saliva sample was taken (80 min after onset of stressor) and
were debriefed. Finally, participants received their payment
of 20 €.

1.4. Stress measures and non-responder/outlier
exclusion

Autonomic stress levels were assessed by recording of heart
rate using a wireless chest transmitter and a wrist monitor
recorder (Polar RS800CX, Polar Electro Oy, Kempele, Fin-
land). We recorded continuous beat-to-beat intervals (aggre-
gated to mean levels per minute) and translated them to
beats per minute. The heart rate of four participants was not
recorded reliably due to technical problems. For cortisol
measures, we collected saliva samples at eight time points
using Salivette collection devices (Sarstedt, Wr. Neudorf,
Austria). Time points for saliva sampling were: baseline
(—40 min; i.e. before instruction for the stress task),
10 min before stressor onset (—10 min; i.e. after instruction
for the stress task), directly at stressor onset (0 min), after
public speaking/group reading (+12 min), after mental arith-
metic/easy counting (+30 min), after the perspective taking
task (+40 min), and then after another 20 and 40 min to cover
the cortisol response recovery phase (+60 min and +80 min).
After each experimental session, samples were stored at
—20 °C. Salivary cortisol concentrations were determined
by a commercially available chemiluminescence-immunoas-
say kit with high sensitivity (IBL, Hamburg, Germany). Inter-
and intra-assay coefficients of variation were below 10%. All
biochemical analyses were conducted at the biopsychology
laboratory of Technical University of Dresden (head: C.
Kirschbaum, http://biopsychologie.tu-dresden.de). Subjec-
tive stress levels were measured by means of a visual analo-
gue scale. At each time point of saliva sampling (i.e. eight
times throughout the experiment), participants used a visual
analogue scale (ranging from 0 to 100) to indicate their
subjective stress level. For cortisol levels, heart rate and
subjective stress measures, the areas under the individual
response curves with respect to ground (AUC_G) were cal-
culated with the trapezoid formula (Pruessner et al., 2003).
By this, an aggregated measure of physiological changes over
time is provided (see supplemental material for analysis of
areas under the curve with respect to increase, AUC_I). In
order to assure that our experimental manipulation of stress
induction was successful on an individual basis, we assessed
cortisol response curves of each participant individually (see
Foley and Kirschbaum, 2010 for evidence on predictability of
cortisol for psychosocial stress). This enabled us to detect
non-responders in the stress group and participants with
cortisol responses in the control group — who presumably
experienced the sole participation in an experiment as
stressful. We excluded six non-responders from the stress
group and five responders from the control group (see

supplemental material for exclusion procedure). Four addi-
tional participants were excluded due to incorrect task
understanding or lack of compliance with abstinence criteria.
Additionally, one participant had to be excluded because he
showed extremely high cortisol levels in baseline and all
other time points(>3 SDs of mean cortisol levels of stress
group), indicating abnormal HPA axis functioning. Inclusion of
this participant does not significantly change the results of
any reported analyses. After outlier exclusion, our final
sample consisted of 64 participants (32 stress group (15
female), 32 control group (17 female)). For heart rate data,
analyses were conducted for 60 participants (31 stress group
(14 female), 29 control group (16 female)). Note though that
analyses with the full sample showed that outlier exclusion
only increased sensitivity but left the basic pattern of results
unaffected (see Section 2.4).

1.5. Statistical analyses

In order to assure that stress and control group did not differ
in variables such as age, socio-cognitive abilities, social
anxiety and chronic stress, we computed two-way ANOVAs
for each measure, with the factors group (stress vs. control)
and gender. The effectiveness of the stress induction was
tested with repeated measures ANOVAs with the within sub-
ject factor time (8 repeated measures for cortisol and sub-
jective stress ratings, 35 for heart rate) and the between
subject factors group and gender. Behavioural data of the
self-other distinction paradigms were analyzed in a repeated
measures ANOVA with the within subject factor task (imita-
tion-inhibition, emotional egocentricity and perspective tak-
ing) and the between subject factors group and gender. In
order to be able to compare the data of the three different
self-other distinction tasks in a repeated measures ANOVA,
scales were standardized using z-score transformation for
each individual and each task. For the imitation-inhibition
and the perspective-taking task, we used reaction times as
dependent variables in the z-transformed rmANOVA. Note
that the purpose of z-transformation was to enable compar-
ison of the three tasks on one common scale. Hence, for
individual ANOVAs, results with raw data and z-transformed
data were identical as the latter were simply a linear trans-
formation of the former. Greenhouse—Geisser corrections
were used when homogeneity of covariances was violated
(as determined by Mauchly test of sphericity). Bonferroni
corrected post hoc comparisons were used to examine inter-
actions and omnibus main effects. Associations between
cortisol levels, heart rate, and subjective stress were
assessed by correlating AUC_G (see supplemental material
for analyses of AUC_I) of the respective measures using
Pearson correlations. Additionally, stress response measures
were correlated with behavioural data from the self-other
distinction paradigms. All data were analyzed using SPSS
(v.20) and the significance threshold was set to p < 0.05.
Effect sizes are reported as npz.

2. Results

Stress and control group did not differ in age, social anxiety,
chronic stress, and any of the trait socio-cognitive abilities
measures (all p-values > 0.16). Furthermore, there was no
effect of gender onany of these measures (all p-values > 0.14).
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2.1. Stress manipulation

Cortisol showed significant main effects of time
(F(2.59,155.08) = 18.797, p < 0.001, npz =0.70) and group
(F(1,60) = 35.710, p < 0.001, npz =0.37), and a significant
interaction time x group (F(2.59,155.08) = 25.573,
p < 0.001, npz =0.30; see Fig. 2a). Gender and its interactions
were not significant (all p-values > 0.16).

Heart rate showed significant main effects of time
(F(6.13,343.44) = 59.396, p < 0.001, npz =0.97) and group
(F(1,56) =5.280, p=0.025, n,°=0.09), and a significant
interaction time x group (F(6.13,343.44) = 3.927,
p =0.001, npz =0.07; see Fig. 2c). Gender and its interactions
were not significant (all p-values >0.15).

Subjective stress showed a significant main effect of time
(F(4.60,276.01) = 29.231, p < 0.001, npz =0.68), a trend sig-
nificance forgroup (F(1,60) = 3.817, p = 0.055, npz =0.06), and
asignificantinteractiontime x group (F(4.60,276.01) = 3.175,

p=0.010, npz =(0.05; see Fig. 2b). Gender and its interactions
were not significant (all p-values > 0.19).

2.2. Correlations between stress measures

Aggregated stress measures (AUC_G) correlated significantly
for heart rate and cortisol (r=0.267, p =0.040), and on a
trend level for heart rate and subjective stress (r=0.255,
p = 0.053). Cortisol and subjective stress were not correlated
(r=0.156, p =0.227). Correlations with AUC_I measures are
reported in the supplemental material.

2.3. Self-other distinction paradigms

The repeated measures ANOVA showed a significant group -
x gender interaction (F(1,60)=15.526, p < 0.001, npz
0.20) but no main effect of group, gender, or task, nor any
significant interactions (all p-values > 0.39). Bonferroni
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Figure 2

Stress levels of stress and control group assessed by (a) free salivary cortisol, (b) subjective stress and (c) heart rate. Grey

marking indicates time of experimental session. Error bars indicate standard error of the mean. Time point zero indicates onset of

TSST-G.
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corrected pairwise comparisons showed that men in the
stress group showed significantly lower self-other distinction
(p=0.009) than men in the control group (mean
difference + SEM = —0.564 + 0.209) while women in the
stress group showed significantly higher self-other distinction
(p=0.008) than women in the control group (mean
difference + SEM = 0.576 + 0.209). Although the factor task
or its interactions were not significant, indicating that the
gender x group interaction was comparable across all tasks,
we nevertheless computed separate two-way ANOVAs for
each task in order to assess whether the group x gender
interaction was significant for each task as well.

2.3.1. Imitation-inhibition task

The two-way ANOVA showed a significant group x gender
interaction for the interference effect in response times
(F(1,60) = 6.925, p=0.011, npz =0.10), but no main effect
of group or gender (all p-values > 0.16). Error rates showed
no significant effects (all p-values > 0.19). Fig. 3a illustrates
that stressed women showed a decrease of interference (i.e.
better self-other distinction) compared to non-stressed
women, whereas men showed the opposite pattern (i.e.
higher interference and thus reduced self-other distinction
when stressed). Bonferroni corrected post hoc comparisons
of the group x gender interaction for the interference effect
in response times showed a significant difference (p = 0.006)

a Imitation-Inhibition Task

150

between men and women in the control group with women
showing higher interference effects than men (mean
difference & SEM =50.32 4 17.60 ms). Men and women did
not differ significantly in the stress group (p =0.392).

2.3.2. Emotional egocentricity task

The two-way ANOVA showed a significant group x gender
interaction for emotional egocentricity bias
(F(1,60) =5.041, p=0.028, npz =0.08), but no main effect
of group or gender (all p-values > 0.66). Fig. 3b illustrates
that stressed women exhibited a reduction in egocentricity
(i.e. better self-other distinction) compared to non-stressed
women, whereas men showed the opposite pattern. Bonfer-
roni corrected post hoc comparisons showed no significant
difference (p = 0.206) between men and women in the con-
trol group or between men and women in the stress group
(p=0.063).

2.3.3. Perspective-taking task

The two-way ANOVA for response times on experimental
trials showed a significant group x gender interaction
(F(1,60) = 4.408, p = 0.040, npz =0.07), but no main effect
of group or gender (all p-values > 0.45). No significant
effects were observed for error rates (all p-values > 0.44).
Fig. 3c illustrates that stressed women showed lower
response times (i.e. better self-other distinction) compared
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Figure 3 Mean scores as a function of conditions for (a) interference effect of imitation-inhibition task, (b) egocentric bias of the
emotional egocentricity task and (c) response times of experimental trials in the perspective taking task. Error bars indicate standard
error of the mean. The figure displays the raw values instead of z-scores for ease of interpretation.
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to non-stressed women, while men showed the opposite
pattern. Bonferroni corrected post hoc comparisons of the
group x gender interaction in response times of the experi-
mental trials showed no significant difference (p=0.112)
between men and women in the control group or between
men and women in the stress group (p = 0.180).
Assessment of control trials of the perspective-taking task
showed no significant main effects or interactions, for both
response times and error rates (all p-values > 0.28).

2.3.4. Correlations between stress measures and self-
other distinction paradigms

We did not find any significant correlations between stress
measures and self-other distinction tasks (all p-values > 0.07).

2.4, Self-other distinction paradigms — full
sample analysis

In order to demonstrate that outlier exclusion only increased
sensitivity of our measures but left the basic pattern of
results unaffected, we here also report the results of the
data analysis without outlier exclusion. Effectiveness of
stress induction showed similar results for cortisol data,
heart rate and subjective stress level as in the reduced
sample after outlier exclusion (data not shown, but available
on request). From the full sample of 80 participants, three
participants showed a basic misunderstanding of the instruc-
tions for the emotional egocentricity task (i.e. they believed
they had to rate their own emotions during the task instead of
rating the emotions of their assigned partner). We therefore
excluded these participants and report results from a sample
of 77 participants (39 stress group (20 female), 38 control
group (20 female)). The repeated measures ANOVA showed a
significant group x gender interaction (F(1,73)=10.157,
p =0.002, npz =0.12) but no main effect of group, gender,
or task or any interactions (all p-values > 0.35). Bonferroni
corrected pairwise comparisons showed that men in the
stress group showed significantly lower self-other distinction
(p=0.047) than men in the stress group (mean
difference + SEM = —0.394 4+ 0.195) while women in the
stress group showed significantly higher self-other distinction
(p=0.015) than women in the control group (mean
difference + SEM = 0.467 + 0.187). Again, the factor task
did not reach significance, indicating that these effects were
comparable across all tasks. Separate two-way ANOVAs for
each task separately showed very similar results as in the
reduced sample after outlier exclusion (data shown in sup-
plemental material). Taken together, the results of the full
sample suggest that outlier exclusion only increased sensi-
tivity, but left the basic pattern of results unaffected.

3. Discussion

The present study assessed the effects of acute psychosocial
stress on the ability to distinguish self- from other-related
representations, across three different levels. We consis-
tently found the same general response pattern: while
stressed women showed higher self-other distinction than
women in the non-stressful control condition, men showed
the converse pattern. More specifically, stressed women
showed reduced emotional egocentricity bias, enabling them

to judge the emotions of the other person in a way that was
less influenced by their own emotional state. Moreover, their
response times in the cognitive perspective-taking task
decreased under stress, documenting that they were able
to regulate the mismatch between their own and the *“direc-
tor’s” perspective faster under stress. Finally, stressed
women showed a reduction of automatic imitative tenden-
cies in the imitation-inhibition task, indicating that they
were able to overcome low-level social signals interfering
with their own movement intentions. Note that the latter
finding is crucial. It highlights that women did not simply
show an increase in other-related responses under stress — as
this would have resulted in increased interference from
automatic imitation. Instead, they were able to flexibly
increase either self- or other-related representations,
depending on the task demands which either required over-
coming egocentric biases, or overcoming social interference.
The tend-and-befriend hypothesis by Taylor and colleagues
suggests that women show increased affiliative behaviour
when stressed (Taylor et al., 2000). However, experimental
evidence on the effects of stress on social interaction skills is
scarce. We are aware of only one study experimentally
assessing social cognitive abilities after psychosocial stress
exposure (Smeets et al., 2009). Here, the authors found that
social cognition improved in men and women, although this
effect was modulated by the magnitude of the cortisol
response. However, social cognition was improved by fewer
errors due to overly complex interference making. Thus, this
finding might also be explained by cognitive rather than
social mechanisms. In the present study, however, we con-
trolled for effects of stress on general cognitive load and thus
can rule out that our effects are due to fewer cognitive
resources under stress.

As appropriate self-other distinction is a prerequisite for
crucial social interaction skills such as empathy (Singer and
Lamm, 2009), perspective taking (Epley et al., 2004), and
control of mimicry (Wang and Hamilton, 2012), our findings
show experimental evidence that social interaction skills
improve in women under stress and thus, crucially extend
the tend-and-befriend hypothesis. Notably, the finding
that women under stress showed an increase in their ability
to overcome egocentricity in empathic responding is of
particular relevance. Because empathy is directly linked
to prosocial behaviour (Batson, 2010), more accurate
empathic responding might represent a possible mechanism
for how stress enables increases in prosocial behaviour in
women.

In contrast, men exposed to acute stress showed dimin-
ished self-other distinction on all three levels. Their emo-
tional egocentricity bias increased, they needed more time
to disentangle their own from the “director’s” perspective,
and their ability to overcome automatic imitation tendencies
was reduced. Therefore, in line with a protective “fight-or-
flight”’ stress response, it seems that men respond to stress by
defaulting to less resource demanding and more automatic
processing strategies. As representing the feelings and inten-
tions of others is resource-demanding, they display a fall back
towards more self-related or “egocentric’’ processes, when
having to judge emotions or the perspective of others. Since
imitation represents a more automatic tendency than its
inhibitory control, they show an increase of imitation ten-
dencies in the imitation-inhibition task.
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Seemingly controversial, however, a recent study by our
group investigating a male sample only showed increased
prosocial behaviour under stress (von Dawans et al., 2012).
However, a crucial aspect differentiating this study from the
present one was that prosocial behaviour was measured by
economic exchange games. As social contact has been shown
toinduce stress-buffering effects (Heinrichs et al., 2003), the
prosocial behaviour shown in that study might have been a
strategy to decrease stress-related negative emotions. Nota-
bly, such a *stress-buffering strategy’’ could not be applied in
our experiment, since our tasks only targeted self-other
distinction and did not involve direct social interaction or
behaviour.

Importantly, we did not find gender differences in phy-
siological and subjective stress responses. This allows us to
rule out that gender differences in stress reactivity can
account for the differences in self-other distinction.
Furthermore, neither gender nor group showed a significant
main effect or any interaction in the control trials of the
perspective-taking task. As these trials represented a mea-
sure of general cognitive load, this suggests that unspecific
effects of stress on cognitive processing do not account for
the differences in self-other distinction. What are the puta-
tive variables leading to stressed women being better in self-
other distinction, while stressed men become worse? One
explanation is that women, in general, might show better
social skills, and hence will also show better social skills
when under stress. However, what speaks against this inter-
pretation is that we had matched trait socio-cognitive and —
affective abilities of men and women in our sample. There-
fore, differences in trait socio-cognitive abilities (i.e. dif-
ferences also present without putting participants under
stress) can be ruled out as an explanation for our results.
Alternatively, it has been proposed that women are more
prone to seek social support in general (Tamres et al., 2002).
Thus, they might have learned by experience that they
receive more support when they are able to relate more
accurately to others, which in turn might explain their
better ability for self-other distinction under stress. A puta-
tive candidate to explain the gender differences on a phy-
siological level is the oxytocin system (Heinrichs et al., 2009;
Meyer-Lindenberg et al., 2011), because there is some
evidence that women might show higher oxytocin release
under stress than men (Sanders et al., 1990; Jezova et al.,
1996; Carter, 2007). Furthermore, oxytocin has been shown
to improve mind reading (Domes et al., 2007) and enhance
emotional empathy (Hurlemann et al., 2010). Most impor-
tantly, a recent study found that administration of oxytocin
leads to sharpened self-other perception (Colonnello et al.,
2013). Thus, the gender differences in self-other distinction
under stress might be related to gender differences in
oxytocin release, and its positive effects on coping with
stress (Heinrichs and Domes, 2008). One limitation of this
study is the fixed order of the self-other distinction para-
digms, which was chosen based on the rationale that lower-
level tasks should interfere less with higher-level tasks. This
approach however precluded to control for carry-over or
order effects. Future replication studies should therefore
consider randomized task ordering. Furthermore, the stress
procedures were also implemented in a fixed order. The
ordering of the public speaking and mental arithmetic parts
of the TSST-G was based on an established procedure in

earlier work of our group (von Dawans et al., 2012). We did
not include a third stress procedure before the perspective-
taking task based on the reasoning, that a third stress part
might suffer from habituation effects. However, as docu-
mented in Fig. 2, stress levels were increased throughout the
time span of our self-other distinction paradigms, showing
that all tasks were run while participants experienced high
levels of stress. Direct comparisons of men and women in
each group (i.e. stress and control) separately, showed that
directly compared men and women in each group did not
differ in their responses in most of our measures. Thus, our
findings are limited to draw conclusions about differences
between stressed and non-stressed men and differences
between stressed-and non-stressed women. We only found
a significant difference of men and women in the interfer-
ence effect of the imitation-inhibition task in the control
group. This finding is in line with prior mimicry studies
showing that women tend to show higher mimicry than
men (Dimberg and Lundquist, 1990; Hermans et al., 2006;
Cheng et al., 2008). Apparently this effect was diminished by
the stress induction in our study, probably by enhancing self-
other distinction abilities and regulatory mechanisms in
women and resulting in an interference effect that did
not differ between men and women in the stress group.
Future studies might assess whether this effect of stress
induced reduction of mimicry in women is restricted to our
imitation-inhibition paradigm, or is also present in other
measures of mimicry, such as facial mimicry. Possible a priori
gender differences in socio-cognitive abilities can be ruled
out in our study, as we matched participants for socio-
cognitive abilities. However, future studies might assess in
non-matched samples how a priori differences in social
cognition might affect the effects of stress on self-other
distinction. The present study’s design is limited in scope to
the effects of psychosocial stress. However, it might be that
some of the observed effects would also be caused by non-
social stressors. Future work should therefore test the spe-
cificity of our findings by investigating the effects of non-
social stressors as well.

Taken together our results suggest that under stress men
and women differ in social cognitions and emotions although
they might display similar prosocial behaviours (Taylor et al.,
2000; von Dawans et al., 2012).These differences should be
considered in future research linking mental representations
to social behaviours. They also highlight the importance of
studying both genders in stress research. Additionally, taking
into account gender differences in socio-cognitive and —
affective responses may contribute to more tailored psycho-
logical interventions and therapies. This seems particularly
relevant for social conflicts in environments where stressful
situations often arise — such as the workplace, or in private
conflicts.
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